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1/ Michael C Green, hereby declare that: 
1. I am a citizen of the United Kingdom. 

2 I currently reside at 4055 Manzana Lane, Palo Alto, CA 94036. 

3. I am currently an employee at Varian Medical Systems, Inc. ("VMS") in 
Mountain View, CA. 

4. I have been employed by VMS from 2001 to Present. 

5. My current title at VMS, Inc. is Senior Scientist. 

6. I am a co-inventor of the above-identified patent application. 

7. Varian Medical Systems Technologies, Inc. ("VMST") is the assignee of the 
above-identified patent application. VMST is a wholly owned subsidiary of VMS. 
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8. The Examiner has cited parts of U.S. Patent No. 6,403,905 issued to Ikeda 
et al. CTkeda") filed March 23, 2000 issued June 11, 2002 against the claims (pending 
claims 1-29 and 32-37 attached hereto) of the above-identified application. I have 
reviewed relevant parts of Ikeda, and the claims of the above-identified application, 
which require a first and second semiconductor material be halides. I provide the 
following expert opinion regarding halogen-do p ed amorphous selenium, the definition 
of a hali de semiconductor, and mercuric iodide. 

9. Ikeda, column 7 lines 20-23 states "Furthermore the n-type Se film 211 is 
formed so as to have a low resistivity by adding a large amount of a halogen such as CI 
or I to Se to produce a large number of free electrons". 

10. Doping of a semiconductor film such as Se is done to alter resistivity, 
typically to reduce resistivity by increasing the number of mobile holes and /or 
electrons. For the amorphous selenium film of Ikeda, the effect of the halogen atoms 
incorporated into the selenium lattice as dopants is to increase the mobility of electrons 
and holes in the amorphous selenium semiconductor. This lowers the resistivity of the 
amorphous selenium substantially. When dealing with semiconductor dopants the 
difference between a "small amount" of a dopant element and a "large amount" of a 
dopant element present in a semiconductor material might be the difference between 
dopant concentrations of 1 part per million (ppm) and 100 ppm. 

11. There is an optimum concentration of CI or I that will effectively 
compensate defects in the amorphous selenium and maximize the conductivity. This 
optimum is typically at a level of less than 100 ppm of CI or I in the amorphous 
selenium lattice, (see "Effect of combinational doping on x-ray sensitivity of a-Se films." 
Suresh Chand 1998 /. Phys. D: Appl Phys. 31 1049-1051) Too much dopant will degrade 
the performance of the material. The phrase "a large amount of halogen" in Ikeda 
implies perhaps 50 ppm of CI or I. 

12. A halide compound has a particular stoichiometry. For example selenium 
forms two selenium halides when it reacts with the halogen chlorine. These are Se,CL, 
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and SeCl 4 . They are covalent molecular compounds with fixed selenium to chlorine 
atomic ratios of 1:1 and 1:4 respectively. That is, the foregoing halide compounds 
contain a concentration of 500,000 ppm and 800,000 ppm iodine, respectively. 
Moreover, a covalent compound has a specific molecular structure. Such a compound 
has its own unique physical properties that usually differ greatly from those of the 
constituent elements. SeQis an oily, pungent-smelling, liquid that freezes at -85 deg 
C. SeQ, is a pale yellow, volatile, hygroscopic solid that is readily hydrolyzed by 
water. Neither of the selenium halides Se^ox SeCl, is present in an amorphous 
selenium semiconductor that has been doped with a low level of chlorine, and due at 
least to their physical structure, neither is desired. Rather, for selenium doped with 
chlorine, the chlorine is present as an interstitial impurity that acts like a semiconductor 
dopant and modifies the internal electronic energy levels, compensating for deep level 
photostructural defects that can act as traps, thereby increasing the mobility of electrons 
and holes in the amorphous selenium, (see "Effect of chlorine doping on 
photostructural defect states in amorphous selenium films." Chand. 5: Sharma. G. P.; 
Bhatheja t R.C; Chandra. S: Applied Physics Letters, Volume 59, Issue 27, December 
30, 1991, pp.3514-3515) Selenium bromides Se,Br, and SeBr 4 exist, and are the analogs of 
the chlorides Se^ and SeCl 4 (e.g., as physical structure analogs), (see "Comprehensive 
Inorganic Chemistry" edited by J.C. Bailar et al., volume 2, pages 955-961.) However, 
the analogous selenium halides with iodine are not known. Therefore the formation of 
the compound selenium iodide is not even a chemical possibility. 

13. While the compounds SeA SeCl«, Se 2 Br 2 and SeBr 4 exist, as described in 
paragraph 12, above, and are halide compounds, they are not semiconductors . In the 
case of these selenium halide compounds the constituent atoms of the compounds are 
too electronegative to result in the formation of a semiconducting compound. 
Semiconduction naturally occurs at the boundary between metals and insulators. For 
pure elements this occurs at Group 1VA of the periodic table of elemen ts, that contains 
silicon and germanium. Elements to the left of Group IVA are increasingly 
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electropositive and metallic in character; elements to the right of Group IVA are 
increasingly electronegative and insulating. Semiconducting compounds can be formed 
by a combination of an electropositive element and an electronegative element, 
symmetrically placed to the left and to the right of Group IVA in the periodic table. 
Thus the semiconductor GaAs is formed from gallium an electropositive element in 
Group III and arsenic an electronegative element in Group V. The critical factor is that 
Ga and As are symmetrically placed in the periodic table on either side of the 
semiconducting element germanium In the compound GaAs the electronega tivities of 
the two constituent elements and their electronic structures balance out to result in a 
semiconductor. Other m-V semiconductor compounds like InSb and InP exist and are 
widely used in devices. Selenium can form semiconducting compounds. However, 
selenium is an electronegative element in Group VI, so, to balance its electronegativity 
and electronic structure, it should be combined with an electropositive element in 
Group II of the periodic table, thus forming a II- VI semiconductor. (Group IIB and 
Group VIA elements are symmetrically placed about the semiconducting elements of 
Group IVA). Compounds of selenium that are II-VI semiconductors, such as CdSe, do 
exist and are commercially important. However, halogens are more electronegative 
than selenium, which is already an electronegative element, so halogens do not have the 
required charge-balancing electropositive properties to be able to form selenium halides 
that are themselves semiconductors. 

14. Amorphous selenium is a semiconductor and is a black solid, (red when 
finely powdered), having the lattice structure of a glass. This physical structure and the 
chemical identity of amorphous selenium is retained in amorphous selenium 
semiconductor films when they are doped with chlorine or iodine. Selenium doped 
with CI or I is not a halide semiconductor. 

15. Mercuric iodide is a halide semiconductor. It is a covalent chemical 
compound, which has precisely two atoms of iodine chemically combined with each 
atom of mercury. It is one of a family of mercury halides which have the formula H ga X 2 
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or HgXj where X= F, CI, Br or I. Mercuric iodide, Hgl,, is a wide band-gap 
semiconductor. It is a halide compound containing more than 66 At. % of halogen. It 
has a specific crystalline structure, resulting from the directional covalent bonds 
between the mercury and iodine atoms, that is uniquely characteristic of the material. 
Figure 1 shows the crystalline structure of alpha mercuric iodide. This crystal structure 
is intimately involved with the electron and hole transport properties of the halide 
semiconductor. 



I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the above-identified application or any patent issued thereon. 

Respectfully submitted, 

Dated: Kim. 6 . 2006 

Michael C. Green 

FuH Name: Michael Curzon Green 
Citizenship: U.K. 
Residence: 4055 Manzana Lane 

Palo Alto, CA 94036 

USA. 
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ZS. HALIDES 

Introduction 

The only known halides analogous to the sulphur compounds SsAa are the selenium 
chloride and bromide and the tellurium iodide. The simple selenium dihalides have not 
been isolated in the solid state, but may be present in the vapour of the tetrahalides, whereas 
tellurium dichJonde and dibromide can be isolated as solids, although they disproportionate 
rather readily to the metal and the tetrahalide; the polonium dihalides are more stable in 
this respect. The thermodynamic stability of the tetrahalides increases in passing from 
selenium to tellurmm and in the highest oxidation state the only hexahalides known are the 
fluorides. These are, as one would expect, the most volatile of all the halides and are 
predominantly covalent in character, since the central atom could not possibly have as 
high a charge as +6. 

Monohalides, X 2 A 2 

Fluorides of this composition are unknown, but selenium monochloride and mono- 
bromide are well established and are very similar in chemical properties to their sulphur 
analogues. Both compounds are oily, pungent smelling liquids which decompose at their 
boiling points (Table 7) to selenium and the tetrahalide 

2Se2Aj = SeA<+3Se 

but some selenium dihalide may be present in the vapour of the decomposing monohalides. 

The two monohalides are made by reaction of the stoichiometric quantities of the 
elements or, better, by adding the halogen to a suspension of selenium in carbon disulphide 



Table 7. Properties of thb Monohalides, SejAa 





Se 2 Cl 2 


Se2Br 2 


Colour 

Melting point, °C 
Boiling point, °C 
A# vap., kcal/molc 
Conductivity, mhos/cm 
density* g/cc 
Heat of formation 

A 296* kcal/rnole 
Free energy of formation 

AF„ 298, kcal/mole | 


Brownish-red 
-85 

127/733 mm (d) 
18» 

2x10-7(18°) 
2-774J (25°) 

-22-2» 

-18-2* | 


Blood red 
225-230 (d) 

3-604 (15°) 



• A. Qlassner, U.S.A.E.C. Report ANL.5750 (1958). d m decomposition. 

S ° rt A* I**™? " C ° mp,ete P"*!**" «f th. tetrahalide begins". 

Ld bv LiL f ma f ^ ***** the tetrahaIide with 5deniura at I20 ° in * sealed tube 
TrZ 21 f WUn !: S T! non - metal 8eIe «ides or selenium dioxide with a variety 

under r^t™. ST'*'- The com P° und « are I""** Mm by distillation 
under reduced pressure in the presence of elementary selenium or by precipitating them 

91 H, Stamrareich and R. Fomeris, Spectrochim. Acta, 8 (1956) 46. 
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SELENIUM, TELLURIUM AND POLONIUM: K. W. BAONALL 



selenium with lithium or magnesium hydroxides" and the telluride hv ri«*™i. ■ * 

( ! 5 ' 50%) "I th a te,Iurium cathode18 - H^^M.tSS b° 
K2S S^i" reduced with *~ in h ~>* 

hav f W„ nCe ^ eXi f nCC ° f Mrogen P0,0nidc is somewhat it seems only to 

have been prepared on the trace (~ ](Mo g) scalc by oTpoloa ^ Jn ac ^ ion 



Tabu 6. Some I^ysical Properties^ of H 2 Se, H 2 Te and M 2 Po 




Melting point, "C 
Aif fusion, kcal/mole 
Boiling point/760 mm, °C 
A/f vap^kcal/mote 
Vapour pressure, 

/.-tf/r (liquid) 
/t-£/r (solid) 

Critical temperature, °C 
Heat oF formation, Afly, 298> kcal/mole& 
Bond energy, H-^X, kcal/mole *> 
Bond length, X, A 
H— X — H angle c 
Dissociation constant, HX 1 -, Jti 
Dissociation constant, X 2 ", Ki 

a Data from rcf. 3, p. 43, 
* S. R. Gunn, 7. />Ayj. CW 68 (1964) 949. 
c H fl H = 92-J*. 

of the element have been «IZ35 5?' ' P ™ Pare " "* WiEh3b ' e 



2.4. CARBONYL COMPOUNDS 

m. evidence ft* pol"™ Jer^ SS^T'TT ??" d *" * 
prepay b, re ac,i 0 „ rfo-tatan J££Z £ KteridlS',' "7^*?* 
known and most stable of the tfir^ ^ j w«wiyi cnionoe at 219 , and is the best 

which ^ a, -22-rmsl ^Stil'Sr,^ *«" 
pressure is given by — 122-] . The vapour 

log ia p nm m IJ49-8/r+7-4527 

and the latent heat of vaporization is 5-26 kcal/mole»o. 

" R^f^nceTp Vr 3 ' Jennin8S ' J - CtKm - Soc - 

61 (1939) 440. 

* P a? RSl a fl nd A L ^ Re,bftl8on ' J - Cl «m. Soc. (J932) 652 
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dinirtogen tetroxide, there being no reaction with the gas, or with gaseous or liquid sulphur 
dioxide. Tellurium dichloride absorbs dry ammonia gas, possibly forming an amine but 
anhydrous liquid ammonia reacts to yield elementary tellurium. A number of complexes 
are known (p. 1008). * 

Polonium dichlorid e 44 a dark ruby-red, hygroscopic solid which sublimes, with 
decomposition, at 190° in nitrogen, is obtained by reducing the solid tetrachloride with 
sulphur dioxide (25°), hydrogen sulphide or carbon monoxide (150°) or with hydrogen 
(200°), but prolonged heating in the last two cases leads to reduction to the element. The 
compound is also obtained by continued heating of the tetrachloride in a vacuum. Unlike 
the tellurium compound, it does not disproportionate in water or other solvents, but it is 
readily oxidized to polonium(IV). Polonium(Itt) may have a transient existence as an 
intermediate in this oxidation in hydrochloric acidso. 

Selenium dibromide, like the dichloride, has never been isolated, but it appears to be 
present in the vapour of the tetrabromide and monobromide, and may be present in 
equilibrium with the monobromide and tetrabromide in solutions of the latter in carbon 
tetrachloride^ or nitrobenzene^. Solid tellurium dibromide is known, but it dispro- 
portionate readily on heating, so that the melting and boiling point cannot be determined. 
It is a chocolate-brown solid, prepared by vacuum sublimation on to a cold finger of the 
solid solution of tellurium in tellurium tetrabromide obtained by reaction of the latter with 
finely divided tellurium in dry ether in the dark or by reaction of bromotrifluorometbane 
with fused tellurium" Tellurium dibromide disproportionates rapidly in water, liquid 
sulphur dioxide or hydrogen cyanide, and more slowly in solution in dry ether or chloroform 
at room temperature, although disproportionate in the last two solvents is rapid on 
heating. The compound reacts with gaseous or liquid ammonia in the same way as the 
dichloride: the known complexes are discussed later (p. 1008). 

Polonium dibromide?* is prepared in a similar way to the dichloride, by reduction of 
the tetrabromide either with hydrogen sulphide at 25° or by heating in a vacuum at 200° 
but reduction with sulphur dioxide is incomplete. It is a purple-brown solid which sublimes' 
with some decomposition, at 1 10°/30 p and disproportionates at the melting point 270-280° 
in nitrogen ; it is reduced to the metal when heated in dry ammonia and is soluble in water 
and in a number of ketones, the solutions being purple in colour. 

The solid diiodides have never been isolated, but selenium diiodide may be present in 
solutions of selenium and iodine in carbon disulphideM; a few complexes of tellurium 
diiodide arc also known (p. 1008). 

Tetrafluorides, XF 4 

Selenium tetrafluoride is a white, hygroscopic solid, melting at -9-5° to a colourless 
hquid which fumes in air; some physical properties are given in Table 8. It is conveniently 
made by heating selemum tetrachloride, or, better, selenium with silver fluoride*, but it is 
more commonly prepared from the elements" at 0°, by >he action of fluorine on selenium 

?t £' 2' S^f" 8 " » nd J ' H ' Freemafl . J - Chem. Soc. (1956) 2770. 

N £iJ£r2 McC "» O0 « h . 0«r. Soc. » (1956) 3026. 

si o " and I' W - Gcorge ' Chem - c ° mm > (1968) 662. 

nj T v J*** 1 ^ 1 ' f;, W \"£ D Eye and J - H - Freeman, J. Chem. Soc. (1955) 3959 

2 o r\S PaS TS l *?" M " Go ' UtVin < J - Ge » Ch "»- W 17 (1947] ,2010 
» O. Glemser, F. Meyer and A. Haa,. Namwtu. 52 (1965) 130. ' 

E AynS,ey ' * Peacock and P. L. Robinson, J. Chem. Soc. (1952) 1231 
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monochlorideW 0 r by reaction of sulphur tetrafluoride with selenium dioxide^ at 100-240° 
The compound is then purified by fractional distillation. 

The structured. 101 0 f the molecule, obtained by electron diffraction studies is a 
distorted tetrahedron which results from the replacement of one equatorial bond in a 
trigonal bipyramid by the lone pair of electrons on the selenium atom, the resulting 
symmetryioi being Q M , consistent with the Raman spectrumioj. Conductivity measure- 
ments indicate that there is slight dissociation in the liquid, with the cation being SeF 3 + and 
the anion either F~ or SeF? The known adducts of selenium tetrafluoride (p. 1005) 
probably involve these ionic species. 

Selenium tetrafluoride can be handled in Pyrex when perfectly dry, since it attacks the 
glass only very slowly. It is a useful fluorinating agent and is completely misciblc with 
diethyl ether, ethanol, iodine pentafluoride and sulphuric acid, and is appreciably soluble 
in carbon tetrachloride and chloroform. Water hydropses it violently and the compound 
dissolves bromine, iodine, selenium, sulphur and, on heating to 80°, tellurium dioxide 
but not the trioxide. The tetrafluoride is reduced to selenium by arsine, hydrogen sclenide 
and sulphide, and by potassium iodide, but it reacts with potassium chloride and bromide 
to form the appropriate selenium tetrahalide. 

Tellurium tetrafluoride is also a white, hygroscopic solid, the vapour of which decomposes 
above 193-8° with the formation of the hexafluoride. It is most simply prepared by reaction 
of selenium tetrafluoride with tellurium dioxide at 80°, the yield being quantitative^, and 
is also formed by the action of nitryl fluoride on tellurium, "from the elements at 0° and by 
the reduction of the hexafluoride with tellurium^* a t 180°. 

The crystal symmetry is orthorhombic and the structure in the crystal consists of 
distorted octahedra linked by cis fluorine bridges into endless chains, one apex of each 
octahedron being occupied by the lone pair of electrons of the selenium atom™*. 

Tellurium tetrafluoride is readily hydrolysed and it reacts with glass or silica at 200° 
Its chemical behaviour is similar to that of the selenium compound, but it is less useful 
than the latter as a fluorinating agent. 

The involatile product resulting from the radiation decomposition of polonium hexa- 
fluoride (p. 964) , s probably the tetrafluoride, but the existence of this compound has not 
been definitely established. A white hydrate (or basic salt) seems to be formed when 
po oru Um (IV) hydroxide or the tetrachloride is treated with aqueous hydrofluoric acid* 
but these products have not been investigated. 

Tetrachlorides, XCI4 

Selenium tellurium and polonium tetrachlorides are respectively pale yellow white 

51? 55!?? ^ V**™* ^-lysed solids; some' physical datl are 

given in Table 8. The selenmm compound is almost completely dissociated to lower 
cblondes and chlonne in the vapour, but the vapour density of the tellurium compounds 

W P. L. Gofigin, J. Invrg. Nuclear Chem. 28 (1966) 66 J 
383?. L> ° PP88ard ' W - C S,nllh ' E - *" Muetter,ics and ' V - A- fi»0"hardl, J. Am. Chem, Soc. 82 (I960) 
j°*H. J. M. Bowen, Nature, 172 (1953) 171. 

jo! 7'a ■££! g T w } V s - ? utto j" T :^- Fcraday Soc - 59 ( 19<53 > i24i. 

io* » V; RoI [ c ' L - A - Woodward and D. A. Long, Trans. Faraday Soc 49 HOStt iiss 

'03 A J SSiVr 0 ?"" 1 ^ ^ BaTber ' J - Am - Ch "»> Soc. 74 (1952) 5749 
A - J - Awards and F. L Hewaidi, /. Chem. Soc. (A) (1 968) 2977. 
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normal below 500% indicating that there is littJe dissociation in the maroon coloured 
vapour below this temperature. In contrast, the moiten polonium compound, which is 
straw coloured, becomes scarlet at 350% probably because of decomposition to the di- 
chlonde, and the purple-brown vapour becomes blue-green above 500°, possibly as a result 
of a progressive decomposition. 

The three compounds are commonly prepared from the elements at moderate temper- 
atures or by reaction of the element or its dioxide with chlorinating agents such as carbon 
tetrachloride, phosphorus pentachloride or thionyl chloride; they are purified by sub- 
Table 8. Physical Properties of the Tetrafluorides and Tetrachlorides'* 



Melting point, °C 
Aff fusion, kcal/mole 6 
Boiling point, °C 
Aff vap., kcal/mole* 
Vapour pressure (liquid) 

losiop„m = A -B/T 
Vapour pressure (solid) 

loStOPmm - A -BIT 
Heat of formation, 

-A#>. 29g, teal/mole* 
Free energy of formation, 

-A^V.aw. kcal/mole" 
Density, g/cc 



Atfsub. 



SeF 4 


TeFa 


SeCU 


TeCU 


PoCl„ 


-9<5 

106 
11-24 
A = 9-44 
B = 2457 


129-6 

6-351 

193-8d 

8-174 
A = 5-6397 
B m 1786-4 
A = 9 0934 
B = 3174-3 


305 
21 (?)h 
196 sub. 
21(7)* 

A - 11-2040 
B = 3864 


224 
4-51 
390 
16-83 


300 

5-2 (?) 
390 
19(7) 




205 


46-1 


774 


80(7) 


2.75(18°) 


185 


25-9 (?) 


57-6 


60(7) 



"Data from K. W. Bagnall, The Chemistry of Selenium, Tellurium 
Amsterdam, 1966, unless otherwise stated. 

•j A. Glassncr, U.S.A.E.C. Report ANL-5750 (1958). 
d = decoenp. ; sub. = sublimes. 



and Polonium, Elsevier, 



lraauoa, usually in an atmosphere of chlorine in order to suppress decomposition A 
oTal mL°lM eP T? 5e ! e " ium ympouiid consists in reacting chlorine with a solution 
tSrtSES^J?^ ° r Carb ° n disu! P hide ' the tetrachloride 

fr™ ? ?? I™ Pr ° CeedS - ReSidual Selenium monochlorideis easOy removed 

from the product by washing it with carbon disulphideai. 

th^h^f"™^/ th f VS ?° Ur of seIenium,w atld telluriumi07 tetrachloride indicates 
oos ti«n 5 K ,5t ; rted ? g ° nal W W»**W st ^ture with one of the equatorial 

pontons occupied by the unshared pair Of electrons, a structure consistent with the hS 

t£%^J^J^> °J " nUm However, in the sol d^T 

that he In "* SpeCtra ° f teIlurium tetrachloride indicate 

tSZ^^j^^"- t t frarcd r d R r n data for so]id se,eni - 

r„. *u t • interpreted on the same basis, but no nformation is avai1ahl P 

for h e poIomuni compound x . pay cry8taJ|Qgraphic dat / are g . ven . n ™*>* mailable 

'« D P SteSi;^,^ 0 ^^ a ? d H ; G Roberts « Tnm - Farad °y Soc. 52 (1956) 1052 
•08 ? p 1ST V ' Schoms *«. 7. An. Chem. Soc. 62 (1940) 1267 

S ?f SKT&t izhdfe - " «-» 
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» tam or in Mlvmts JSt^L^"^ appear <° * 

1:1 d -"»ly<«. Possibly in ^ fo™TSx^ yl f* - ? *" «"~ 
The selenium compound is also soluble i„ IZ ^ T ° Xj) X where L is the solvent!"" 
data for the polonium compound whU is °„n ""f OT ° d "°ri«»l there * few 
^^^WysolubletaCui^C^ ««* in ethano! ^ in ~~ 
chlorinating agent, converting for «3T . » • Selra,um tt T«hloride is a powerful 
^dioxidetofeoxocSorid: ES&SSE """.f '° *» •WuTS 
All three tttradllori<fcs ^ 'J s an ^o,K , °° 0cWor,dob J' s '"Phuror S elenium. 
tellurium compounds forming the ntde ^"1™"!°"'"' "* ■*> 

Ta^ov P ° 1Um "■"P""'' being 

^^^^^^^^^**Sr4LL0ORArHIcDATA POR ThE TcTRAHAUDES 



Compound 



TeCI« 
TeBr 4 
Tel 4 



Symmetry and space 
group 



Lattice parameters, A 



a 0 



MopocHnic, C2/c or Cc 
Monocllnic, C2/c ot Cc 
Monoclinic, C2/c or Cc 

Orthorhombic, 

Pnnu^D\loT Pn2 ia .Cl v 
or 

Tetragonal, /4,/W.2>]£ 



16- 46 
J6-9J 

17- 75 

15- 54 

16- 12 



9-73 
/S - 117° 
JO-36 
ft = 117° 
10-89 
P = 116°34' 
16-73 



14- 93 

15- 25 
15-88 
14-48 

11-20 



Calc. 
density 
g/cc 



2-63* 
2-95* 

4- 33* 
5145* 

5- 7* 



Ref. 



• 16 molecules/unit cell. 

> W R S il^ akCr a c d i" C Abrah an«S, Acta Cryst. 18 (1965) 296 
W. R. Biackmore, S. C. Abrahams and J. Kali, Za cS^\l956 } 295. 

reduced to the element (p. 946). The tetrachlorides are also reduced t« tw , 
gaseous ammonia, the tellurium compound at 2^X<y tk e £*Z t T by 

selenium, tellurium and polonium tetrachlorides, the first two to the element at ™!n 
temperamre, but tellurium tetrachloride may form the dichloride a, low temperature and 
the polonium compound forms the dichloride at 150° ; the tetrachlorides react with kelones 
and £-diketooes to form organo-compounds (p. 1002). The complexes of the tetrachlorides 
are discussed later (p. 1007). 



Tetrabroiriides, XBr 4 

The orange-red selenium, yellow tellurium and bright red polonium compounds are 
hygroscopic, readily hydrolysed solids which are all rather unstable with respect to de- 
composition with loss of bromine. Thus selenium tetrabromide decomposes appreciably 
at room temperature and completely at 70°, giving a mixture of the elements and lower 
selenium bromides. The tellurium compound decomposes above 280° and it melts, in 
bromine vapour, at 363° ? the boiling point lying between 414° and 427°. However, the 
vapour density indicates almost complete dissociation to bromine and the dibromide. 

ma n. N. Greenwood, B. P. Straughan and A, E. Wilson, /. Cham. Soc. (A) (1968) 2209. 
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The polonium compound seem? t« h„ 961 

^"bon disulphide, chloroform or eC taSKlS*. n*" S '° ne » in «*5S 
n«de by reaction of tellurium with iodine Z*^ ' he !*" Mium compound oan to 
hydrobromic acid and precipitating ? "' by dissol ™8 «he dio^de to 

concentrated (77%) sulphuric acid rt noton Z fre " Solu,it> " ««" "todem*! 

brom.dcs indicate that they are ionic like thl i* ^ nlu ™* Wtariumiio-ua tetra 

«i ether, but not in carbon te^achloride and com PO<"nd » soluble in tmloroform 
wluble m ethanol and slightly .oh^i^S: T" t^bromid. is only known to™ 
compounds react with ammonia to torn IE "n?" "« "taium «d teflurmm 

reduces tellurium tetmbromide to the S t 1? " M li,Uid «^ogen sulphide 
Po.on.rn compound „ redured „ (he d -nt tn solution ,„ ehtorofo™ whereas the'solid 

Tetraiodides, XI, 

nave been isolated; these 

Polonium tetraiodides ate wtS^, 1 ^ 1111 tolluriun > 
tellunura compound above 100= and the ^ V* deoom Pose on heating, the 

it sublimes in nitrogen, leavtag a msidt X",T ab0Vt * tetnpefature 
to an unidentified lower iodide whM SH,™^ 7** becaUse of d «°™po S ition 
compound melts at 280' in a sealed lEL ^ m d,s P r °nonionates. The «llurium 
composition, and two or^ f"™ £ ^rSZ"?^ ° f 
the more usual. The tetraiodide, «f th- Z i 1 f } ' he orthorh °nib.c one being 
water or unmJSSTS^^^ f™* 5 m ° nJy sJow,y by cold 

Both tTr^Ts ^ ° the behav,our of the other tetrahalidcs. 

G nnZ. M ? r re CommonJ y P re P a ~d from the elements or by precipitating the 

of nyd od.c acd s.nce the compounds redissolve in it to form anionic iodo-complex ions. 

Il^TT ,S , a,S ° ° btained by heatin * t,fc eleraent with et W iodide or 
Z ^ ^ P° lon,utn impound by heating the dioxide in hydrogen iodide 
at 200 ; a black adduct, PoQ^Hl, is formed in the coldi". The far infrared spectrumuo 
of tellurium tetraiodide shows that it is ionic, like the tetrachloride. 

The two tetraiodides are slightly soluble in acetone and ethanol, but insoluble in dilute 
mineral acids, aliphatic acids and a variety of non-polar solvents. Tellurium tetraiodide 

*>« K. W. Bagnall, R. W. M. D'Eye and J. H. Freeman, /. Cltem. Soe. (1956) 338S. 
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Hexafluorides, XF<j 



peasant smell reminiscent of Efi^SSSZ "? 4116 VaJ50Ur State > with a 
solid, and SOrae physical data are S«£ Jabt In n T 0M " kMB t0 White ' volatile 
The low boiling points of these compounds a« J?' com P ow > d attacks glass. 

Placed intermolecular attraction ^£2 fro m SST^ " d 4 reflec ^nof the 
atoms surroundmg each chalcogen atom ^ ° f . non ^rizable fluorine 

• *~ - dioxide, for example 

R. Campbell and P L SSX \ CAcw ' 55 W 885. 
»' B. Wedlock and C. JL SB J ?^ oc ' < W5 « 3454. 
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i£»^«M?3i r ear i — - »> : 

*e dement at ^derate tempera*.*, However, wher a" S£STJ? " ."2 f ' Um 
dry amntonia at -80", apparently forming thfkS™ , h a nZ tetra,od,de ™"» 
«~t with thi. reagent J* K it ^ in g Z^^'^^ 'ZT.TuT^ d ° K " 0t 
hydraiine or sulphur dioxide, even at 100°. P " d,lute (0 1 N > Mriodjc acid by 

Mixed HaHtte,XA B A' 4 _ n , I 

bromine. The tellurium comoound TJhL^ ob * ,Ded b V "action of the dichloride with 
The cUchbrodiiodMrxaTa^ Zl ^U^vT^ * 292 ° and boiJs " 4»'- 
react with iodine, but' ^^ilZ^e 22^^ d °" DOt 

carbon tetrachloride, appears to form ■ Mart.. . S a SoIut,on of iodine in 

«h««odaod^ However, the 

tellurium compound is obtained bv e™»ra Tn^T d,Spro P ort,ona ^« i U» garnet-red 
dibromide and iodine. It melts t0 S ^ ° f WtariBW 

tion, at 420°, the vapour being purple The E nlS 8nd b ° 1,S> with dcc °»nposi. 
formed when the dibromide is shake \l)thio^e Tn!TT C0 ^ dU4 a PP«*s to be 
does not react with iodine vapour b °° tetrachIor -de, but the dibromide 

and^^ 

passed into a solution of «fata™dS^ J* preci P itated chlorine is 
when the bromine is added toX moZhlZ ! " ^ bo " ^P™* and the second 
bromide decomposes appreckb above 1^" ^I*"*". The trichloro- 
chlorotribromide decomposes a t abo"^ Rain T? ^ " n ° rmaJ ' and the 
compounds indicate thaf both have ^ ionic ^ SpeCtraU1 of ««• two 

of the mixed halides are hygroscopic ** 
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